DNA cleavage by the photocontrolled cooperation of Zn(II) centers in an azobenzene-linked dizinc complex.
We synthesized a new photoactive dinuclear zinc(II) complex by linking two zinc centers with a ligand containing an azobenzene chromophore and investigated the DNA cleavage activities of its trans and cis forms. The trans structure of the dinuclear zinc complex was determined by X-ray crystallography, where each zinc center is situated in an octahedral coordination environment comprised of three nitrogen atoms from the ligand and three oxygen atoms from two nitrate ions. The dinuclear zinc complex containing the azobenzene chromophore was photoisomerizable between the trans and cis forms. The binding affinities of the trans and cis complexes with calf thymus (CT)-DNA were similar. Although the DNA cleavage activity of the trans complex was negligible, the cis complex was able to cleave DNA. We attribute the efficient activity of the cis complex to the cooperation of the two closely located zinc centers and the inactivity of the trans complex to the two metal centers positioned far away from each other. The DNA cleavage activity of the cis complex exhibited a pH-dependent bell-shaped profile, which has been observed in the hydrolytic cleavage of DNA by zinc complexes. The DNA cleavage activity was not inhibited by a major groove binder, methyl green, but decreased significantly by a minor groove binder, 4',6-diamidino-2-phenylindole, indicating that the dinuclear zinc complex binds to the minor groove of DNA. The present work shows the importance of the cooperation of two zinc ions for hydrolytic DNA cleavage, which can be photoregulated by linking the two metal centers with a photoisomerizable spacer, such as an azobenzene chromophore.